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SUBJECT:  102  Rivers,  C-5  Dam  Phase  I  Inspection  Report 


This  report  presents  the  results  of  field  inspection  and  evaluation  of 
the  102  Rivers,  C-5  Dam. 


It  was  prepared  under  the  National  Program  of  Inspection  of  Non-Federal 
Dams. 

This  dam  has  been  classified  as  unsafe,  non-emergency  by  the  St.  Louis 
District  as  a  result  of  the  application  of  the  following  criteria: 

1)  Spillway  will  not  pass  50  percent  of  the  Probable 

Maximum  Flood. 

2)  Overtopping  could  result  in  dam  failure. 

3)  Dam  failure  significantly  increases  the  hazard  to 

loss  of  life  downstream. 
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Chief,  Engineering  Division 


APPROVED: 
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“olonel,  CE,  District  Engineer 
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Name  of  Dam 
State  Located 
County  Located 
Stream 

Date  of  Inspection 


102  Rivers  fC-5  Dam 
Missouri 
Nodaway  County 
Canal  Branch  102  River 
May  14,  1979 


102  Rivers,C-5  Dam,  was  inspected  by  an  interdisciplinary  team 
of  engineers t ft  oin  Htrsk iiiS“Westei  ii-SumJci egget y  In<r  The  purpose  of 
the  inspection  was  to  make  an  assessment  of  the  general  condition  of 
the  dam  with  respect  to  safety,  based  upon  available  data  and  visual 
inspection,  in  order  to  determine  if  the  dam  poses  hazards  to  human 
life  or  property. 

The  guidelines  used  in  the  assessment  were  furnished  by  the  De¬ 
partment  of  the  At-my,  Office  of  the  Chief  of  Engineers,  and  developed 
with  the  help  of-' several  Federal  and  State  agencies,  professional 
engineering  organizations,  and  private  engineers.  Based  on  these 
guidelines,  this  dam  is  classified  as  a  small  size  dam  with  a  high 
downstream  hazard  potential.  Failure  would  threaten  life  and  property. 
The  estimated  damage  zone  extends  about  one  to  two  miles  downstream 
of  the  dam.  Within  the  damage  zone  are  State  Highway  148  at  0.6  mile 
downstream,  a  trailer  home  at  0.7  mile,  two  dwellings  and  a  county  road 
crossing  at  1.1  mi.Ies  and  two  dwellings  and  a  county  road  crossing  at 
1.3  miles. 


Our  inspection  and  evaluation  indicates  that  the  spillway  does  not 
meet  the  criteria  set  forth  in  the  recommended  guidelines  for  a  small 
dam  having  a  high  hazard  potential.  Considering  the  downstream  hazards 
involved  and  the  amount  of  water  impounded,  50%  of  the  Probable  Maximum 
Flood  is  the  appropriate  spillway  design  flood.  The  spillway  will  pass 
the  100-year  flood  {flood  having  a  one  percent  chance  of  being  exceeded 
in  any  year)  without  overtopping  the  dam.  The  spillway  will  pass  35% 
of  the  Probable  Maximum  Flood  without  overtopping  the  dam.  The  Probable 
Maximum  Flood  (PMF)  is  defined  as  the  flood  that  may  be  expected  from 
the  most  severe  combination  of  critical  meterologic  and  hydrologic  con¬ 
ditions  that  are  reasonably  possible  in  the  region. 


f. 


Seepage  and  stability  analyses  comparable  to  the  requirements 
of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were 
not  available,  which  is  considered  a  deficiency.  These  seepage  and 
stability  analyses  should  be  performed  for  appropriate  loading  con¬ 
ditions  (including  earthquake  loads)  and  made  a  matter  of  record. 

Other  than  minor  seepage  in  the  right  abutment  trough  and  along 
both  sides  of  the  principal  spillway  basin,  and  some  minor  erosion 
of  the  upstream  berm,  no  other  deficiencies  were  observed. 

The  dam  and  appurtenances  look  very  good  and  are  well  maintained 


Rey  S.  Decker 
E- 3703 


Chairman  of  Board 
Hoskins-Western-Sonderegger,  Inc. 
E- 8696 
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PHASE  I  INSPECTION  REPORT 
NATIONAL  DAM  SAFETY  PROGRAM 
102  RIVERS, C-5  DAM  -  MO  10996 
NODAWAY  COUNTY,  MISSOURI 

SECTION  1  -  PROJECT  INFORMATION 


1.1  GENERAL 

a.  Authority.  The  National  Dam  Inspection  Act,  Public  Law  92-367, 
authorized  the  Secretary  of  the  Army,  through  the  Corps  of 
Engineers,  to  initiate  a  program  of  safety  inspection  of  dams 
throughout  the  United  States.  Pursuant  to  the  above,  the  St. 
Louis  District,  Corps  of  Engineers,  District  Engineer  directed 
that  a  safety  inspection  of  102  Rivers,  C-5  Dam  be  made. 


b.  Purpose  of  Inspection.  The  purpose  of  the  inspection  was  to 
make  an  assessment  of  the  general  condition  of  the  dam  with 
respect  to  safety,  based  upon  available  data  and  visual  in¬ 
spection,  in  order  to  determine  if  the  dam  poses  hazards  to 
human  life  or  property. 

c.  Evaluation  Criteria.  Criteria  used  to  evaluate  the  dam  were 
furnished  by  the  Department  of  the  Army,  Office  of  the  Chief 
of  Engineers,  in  "Recommended  Guidelines  for  Safety  Inspection 
of  Dams",  Appendix  D  to  "Report  of  the  Chief  of  Engineers 

on  the  National  Program  of  Inspection  of  Dams",  dated  May, 

1975,  and  published  by  the  Department  of  the  Army,  Office  of 
the  Chief  of  Engineers. 

1.2  DESCRIPTION  OF  PROJECT 

a.  Description  of  Dam  and  Appurtenances. 

(1)  The  dam  is  an  earth  fill  approximately  850  feet  in  length 
with  maximum  height  of  about  35  feet.  Topography  adjacent 
to  the  dam  is  gently  rolling.  Soils  on  the  slopes  are 
derived  from  fine  grained  glacial  till.'  Upland  soils  are 
derived  from  loess.  From  boring  logs  shown  on  the  plans, 
the  foundation  soil  appears  to  be  silty  clay  alluvium 
underlain  by  dense  clay  till. 

(2)  The  principal  spillway  is  uncontrolled  and  consists  of 
a  reinforced  concrete  riser  with  a  36  inch  diameter 
reinforced  concrete  pipe  conduit  outlet. 

(3)  A  vegetated  earth  emergency  spillway  is  cut  into  glacial 
till  on  the  left  (north)  abutment.  It  has  a  bottom  width 
of  100  feet  and  side  slopes  of  3H  on  IV. 


1 
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(4)  A  16-inch  reinforced  concrete  drawdown  pipe 
with  stem  gate  control  extends  from  the  princi¬ 
pal  spillway  riser  to  an  inlet  structure  in  the 
reservoir  {invert  elevation  -  1039.0). 

(5)  Pertinent  physical  data  are  given  in  paragraph 
1.3  below. 

b.  Location.  The  dam  is  located  in  the  north  central  part  of 
Nodaway  County,  Missouri,  as  shown  on  Plate  A-2.  The  dam 
is  shown  on  Plate  A-l  in  the  NW%  of  Section  29,  T65N,  R35W. 

The  lake  formed  behind  the  dam  is  shown  in  the  Eh  of  NW%  of 
Section  29,  T65N,  R35W. 

c.  Size  Classification.  Criteria  for  determining  the  size  class¬ 
ification  of  dams  and  impoundments  are  presented  in  the  guide¬ 
lines  referenced  in  paragraph  1.1c  above.  Based  on  these 
criteria,  this  dam  and  impoundment  is  in  the  small  size 
category. 

d.  Hazard  Classification.  Guidelines  for  determining  hazard 
classification  are  presented  in  the  same  guidelines  as  refer¬ 
enced  in  paragraph  "c"  above.  Based  on  referenced  guidelines, 
this  dam  is  in  the  High  Hazard  Classification.  The  estimated 
damage  zone  extends  about  one  to  two  miles  downstream  of  the 
dam."  Within  the  damage  zone  are  State  Highway  148  at  0.6  mile 
downstream,  a  trailer  home  at  0.7  mile,  two  dwellings  and  a 
county  road  crossing  at  1.1  miles  and  two  dwellings  and  a 
county  road  crossing  at  1.3  miles. 

e.  Ownership.  The  dam  is  owned  by  the  102  Rivers  Tributary 
Watershed  Subdistrict,  the  Nodaway  County  Soil  and  Water 
Conservation  District,  P.  0.  Box  406,  Maryville,  Missouri 
64468. 

f.  Purpose  of  Dam.  The  purpose  of  the  dam  is  flood  retardation. 

g.  Design  and  Construction  History.  The  dam  was  constructed  in 
1975.  The  design  and  the  plans  for  construction  were  pre¬ 
pared  by  the  Soil  Conservation  Service  (SCS),  Columbia. 
Missouri.  Portions  of  these  plans  are  included  with  this 
report  as  Appendix  C. 

h.  Normal  Operating  Procedure.  There  are  no  controlled  outlets 
for  this  dam.  Information  was  not  available  relative  to 
the  history  of  flows  (if  any)  over  the  emergency  spillway, 
or  to  the  operation  of  the  drawdown  facility. 
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1.3  PERTINENT  DATA 


a.  Drainage  Area.  1398  acres  (2.18  square  miles). 


b.  Discharge  at  Damsite. 


(1)  All  discharges  at  the  damsite  are  through  an  uncontrolled 
reinforced  concrete  drop  inlet  pipe  principal  spillway 
and  a  grassed  earth  channel  ungated  emergency  spillway. 

(2)  Estimated  maximum  flood  -  unknown. 


(3)  The  principal  spillway  capacity  varies  from  0  c.f.s. 
at  elevation  1051.0  feet  (orifice  elevation)  to 
43  c.f.s.  at  elevation  1056.0  feet  (riser  weir  crest) 
to  167  c.f.s.  at  elevation  1065.1  feet  (settled  top 
of  dam). 


(4)  The  emergency  spillway  capacity  varies  from  0  c.f.s. 
at  its  crest  elevation  1060.6  feet  to  2080  c.f.s.  at 
elevation  1065.1  feet  (settled  top  of  dam). 


(5)  Total  spillway  capacity  at  the  minimum  top  of  dam  is 
2250  c.f.s.±. 


c.  Elevations  (feet  above  M.S.L.  From  Plans  and  B.M.C.-5) 


(1)  Top  of  dam  -  1065.1  (settled)* 

(2)  Principal  spillway  orifice  crest  -  1051.0* 

(3)  Principal  spillway  weir  crest  -  1056.0 

(4)  Emergency  spillway  crest  -  1060.6* 

(5)  Streambed  at  centerline  -  1030 

(6)  Maximum  tailwater  -  1032.0 
*  Measured  in  field 


d.  Reservoi r.  Length  (feet)  of  maximum  pool  -  2,650  feet±. 

e.  Storage  (Acre-feet). 

(1 )  Top  of  dam  -  990± 

(2)  Principal  spillway  crest  -  280± 

(3)  Emergency  spillway  crest  -  47Q± 

g.  Dam. 

(1)  Type  -  earth  fill 

(2)  Length  -  850  feet  (plans) 

(3)  Height  -  35  feet 

(4)  Top  width  -  18  feet  (plans)  20  feet  (measured) 
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(5)  Side  Slopes. 

(a)  Downstream  -  2.5 H  on  IV  (measured  2.6  to 
2.7 H  on  TV) 

(b)  Upstream  -  2.5H  on  IV  down  to  berm  (measured 
2.8H  on  TV  on  exposed  slope,  3H  on  IV  below 
berm) . 

(6)  Zoning  -  Selective  placement  of  Cl-CH  glacial  till 
material  in  center  with  CL-ML  alluvial  material 
from  flood  pool  in  outside  shells.  These  data  were 
taken  from  SCS  plans  in  Appendix  C. 

(7)  Impervious  core  -  as  above. 

(8)  Cutoff  -  4  to  10  feet  in  depth  into  glacial  clay  till. 

(9)  Grout  curtain  -  None 

(10)  Wave  protection  -  Sacrificial  berm  and  vegetation. 

(11)  Internal  drainage  -  none  found  by  inspection  team. 

h.  Diversion  Channel  and  Regulating  Tunnel.  None. 


(1)  Principal 

(a)  Type.  Standard  SCS  reinforced  concrete  riser 
with  drop  inlet  and  36  inch  reinforced  concrete 
pressure  pipe  conduit  with  two  open  ports  on  the 
right  (south)  side  of  riser.  Ports  are  2x1  feet. 
Plans  show  5  antiseep  collars  on  conduit. 

(b)  Crest  (invert)  elevation  -  1056.0  feet,  ports  at 
1051.0  feet  (measured). 

Outlet  -  1032.4  feet  (measured). 

(c)  Length  -  176  feet. 

(2)  Emergency 

(a)  Type  -  Vegetated  earth  cut  into  glacial  clay  till. 

(b)  Control  section  -  100  foot  bottom  width  with  3H 
on  IV  side  slopes. 

(c)  Crest  elevation  -  1060.6  feet  (plans). 

(d)  Upstream  channel  -  clear  and  well  grassed  with 
slope  of  1%. 

(e)  Downstream  channel  -  clear  and  well  grassed  with 
slope  of  5%. 
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j.  Regulating  Outlets.  16  inch  diameter  reinforced  concrete 
drawdown  pipe  with  16  inch  rising  stem  gate  with  invert 
elevation  of  1039  feet  (from  plans). 
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SECTION  2  -  ENGINEERING  DATA 


2.1  DESIGN 

Data  on  the  geologic  investigation,  hydraulic/bydrologic  compu¬ 
tations,  construction  plans,  and  the  soil  mechanics/soil  engineer¬ 
ing  report  were  supplied  by  the  Soil  Conservation  Service,  Columbi 
Missouri.  This  information  is  shown  in  Appendix  C. 

2.2  CONSTRUCTION 

No  construction  data  were  readily  available;  however,  it  is  re¬ 
ported  by  SCS  officials  that  the  dam  was  constructed  with  SCS 
engineering  supervision  and  standard  inspection  and  quality  con¬ 
trol  procedures. 

2.3  OPERATION 

No  information  was  available  on  the  maximum  loading  on  the  dam. 

All  spillways  are  uncontrolled. 

No  information  was  available  on  operation  of  the  draw-down  system. 

2.4  EVALUATION 

a.  Availability.  The  engineering  data  shown  in  Appendix  C  was 
readily  avai lable  from  the  Soil  Conservation  Service,  Columbia 
Missouri . 

b .  Adequacy.  The  available  data  and  reported  information  are 
adequate  for  a  general  assessment  of  the  design  and  stability 
of  the  structure.  It  should  be  noted,  however,  that  the  soil 
engineering  recommendations  called  for  a  trench  drain  at  c/b 
ratio  of  0.6  and  consisting  of  a  well  graded  sand  and  gravel. 
No  drainage  system  is  shown  on  the  plans  nor  was  it  observed 
in  the  field.  The  soil  engineering  report  also  recommended 

a  10  foot  downstream  berm.  Although  a  drainage  system  was 
evidently  not  constructed  for  this  dam,  the  plans  show  that 
the  downstream  berm  is  18  feet  rather  than  10  feet  wide. 

(This  was  verified  in  the  field.)  Seepage  and  stability 
analyses  conforming  to  the  dam,  as  built,  comparable  to  the 
"Recommended  Guidelines  for  Safety  Inspection  of  Dams"  were 
not  available,  which  is  considered  a  deficiency. 

c.  Seepage  and  stability  analyses.  The  soil  engineering  report 
indicates  that  the  drain  and  the  10  foot  berm  were  required 
for  adequate  safety  against  shear  failure  of  the  downstream 
slope.  The  reported  stability  analyses  and  design  recommenda¬ 
tions  were  based,  however,  on  strength  tests  for  the  weakest 
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embankment  material  (ML)  which  was  not  supposed  to  be  used 
in  the  major  portion  of  the  dam.  Stability  analyses  for 
the  dam,  as  constructed,  are  not  available.  This  is  con¬ 
sidered  a  deficiency  that  should  be  corrected. 

d.  Validity.  The  available  data  and  analyses  conform  with 
accepted  practice  at  that  time. 
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SECTION  3  -  VISUAL  INSPECTION 


3.1  FINDINGS 

a.  General .  A  visual  inspection  of  the  102  Rivers,  C-5 
Dam  was  made  on  May  14,  1979.  Engineers  from  Hoskins- 
Western-Sonderegger,  Inc.,  Lincoln,  Nebraska,  making  the 
inspection  were:  Rey  S.  Decker,  Geotechnical;  Gordon 
Jamison,  Hydrology;  Garold  Ulmer,  Civil  Engineer. 

b.  Dam. 

(1)  Geology  and  Soils  (abutment  and  embankment).  The  dam 
is  located  in  the  northern  Missouri  loess -till  area. 

The  abutments  consist  of  a  thin  mantle  of  loess  under¬ 
lain  by  dense  glacial  clay  till  (probably  Kansan). 

The  till  formation  is  exposed  near  the  water's  edge 
on  the  right  abutment.  Plans  show  that  soils  in  the 
dam  consist  of  thin  outside  shell  sections  of  CL-ML 
alluvial -colluvial  materials  derived  from  erosion  of 
the  loess-till  hills  with  the  principal  portion  of  the 
dam  constructed  of  CL-CH  glacial  till.  Materials  ob¬ 
served  on  the  dam  were  plastic  CL's. 

(2)  Upstream  slope.  The  upstream  slope  is  well  vegetated 
with  adapted  grasses  and  legumes.  Some  minor  erosion 
was  noted  along  the  downstream  edge  of  the  upstream 
berm  as  shown  in  Appendix  B,  Photo  5.  No  cracks,  slumps 
or  abnormal  deformations  were  noted  on  the  upstream 
face. 

(3)  Crest.  The  crest  is  well  vegetated  with  adapted  grasses 
and  legumes.  Measurements  along  the  crest  indicate  that 
it  is  almost  uniform  in  elevation  and  constructed  accord¬ 
ing  to  the  plans.  Field  measurements  indicate  a  settling 
of  approximately  1/2  foot  at  maximum  section  (approximately 
Sta.  5+50  -  SCS  plans).  No  cracks,  sink  holes,  rodent 
holes  or  abnormal  deformations  were  observed.  There  was 

no  evidence  of  overtopping. 

(4)  Downstream  slope.  The  downstream  slope  is  well  vegetated 
with  brome  and  other  adopted  grasses.  No  cracks,  slides 
or  deformations  were  noted.  A  small  seep  area  was  ob¬ 
served  in  the  right  (looking  downstream)  abutment  trough 
downstream  from  about  Station  8+40. (plans) .  The  seepage 
was  clear  and  was  not  flowing.  Seepage  was  also  noted 
along  both  sides  of  the  principal  spillway  stilling 
basin,  about  5  to  5.5  feet  above  the  invert  elevation 


of  the  outlet  pipe.  Seepage  in  the  abutment  trough 
and  around  the  stilling  basin  appears  to  be  out¬ 
cropping  at  or  near  the  contact  of  loess  alluvium- 
colluvium  and  the  underlying  glacial  till.  All  seep¬ 
age  effluent  was  clear  and  probably  amounts  to  0.1 
gal. /minute  or  less.  Small  slides  and  cat-steps  in 
the  natural  soil  banks  adjacent  to  the  upstream  edge 
of  the  principal  spillway  stilling  basin  or  scour 
hole  would  indicate  some  strength  instability  in 
these  areas.  This  instability  is  probably  due  to 
the  seepage  outcrops  and  to  undercutting  of  the  banks 
when  spillway  discharges  are  high.  No  drainage  out¬ 
lets  were  observed. 

(5)  Miscellaneous.  The  apparent  nature  of  materials  in 

the  major  portion  of  the  dam  coupled  with  the  luxuriant 
grass  vegetation  would  indicate  that  minor  overtopping 
would  cause  little  damage  to  this  structure. 

c.  Appurtenant  Structures 


(1)  The  principal  spillway.  There  was  no  indication  of 
spalling  or  deterioration  of  the  concrete  riser  nor 
settlement  and/or  sag  in  the  concrete  pipe  outlet  and 
support  structure.  The  lake  level  was  at  the  elevation 
of  the  ports  in  the  riser  at  the  time  of  the  inspection. 

(2)  The  emergency  spillway.  The  emergency  spillway  is  well 
vegetated  with  adapted  grasses.  It  looked  very  good 
with  no  evidence  of  erosion,  slides,  or  other  problems. 

A  high-water  line  of  debris  would  indicate  that  the 
spillway  had  never  been  in  use.  A  fence  is  located 
across  the  spillway  downstream  from  the  control  section 
and  should  not  significantly  affect  its  operation. 

(3)  Drawdown  facilities.  The  plans  show  a  16  inch  rein¬ 
forced  concrete  pipe  entering  the  base  of  the  principal 
spillway  riser.  Flow  through  this  system  is  controlled 
by  a  16  inch  rising  stem  slide  gate.  This  system  is 
designed  as  a  drawdown  facility  to  evacuate  the  lake. 

It  is  not  known  whether  or  not  the  gate  is  operable. 

d.  Reservoir  Area.  No  wave  wash,  excessive  erosion  or  slides 
were  observed  along  the  shore  of  the  reservoir.  Most  of  the 
shoreline  is  cropped  with  alfalfa  and  pasture  down  to  the 
water's  edge. 

e.  Downstream  channel.  The  channel  downstream  from  the  princi¬ 
pal  spi 1 Iway  is  open  and  traverses  as  well  managed  pasture. 
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3.2  EVALUATION 


The  dam  and  appurtenances  look  very  good.  The  seepage  in  the 
right  abutment  trough  and  around  the  stilling  basin  are  apparently 
outcropping  on  top  of  the  nearly  impervious  glacial  till. 

Seepage  velocities  are  very  low  and  the  erosional  resistance 
of  the  materials  at  and  below  the  seepage  outcrops  appears  to 
be  moderately  high  which  should  minimize  the  danger  of  piping 
failures  in  this  area.  Instability  of  the  slopes  around  the 
stilling  basin  of  the  principal  spillway  should  not  endanger 
the  structural  stability  of  the  dam.  Minor  overtopping  of  the 
dam  should  not  cause  extensive  damage  or  endanger  the  safety  of 
the  dam. 
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SECTION  4  -  OPERATIONAL  PROCEDURES 


4.1  PROCEDURES 

There  are  no  controlled  outlet  works  for  this  dam.  The  pool 
level  is  influenced  by  rainfall,  seepage,  evaporation,  and  the 
capacity  of  the  uncontrolled  spillways.  Procedures  for  operating 
and  drawdown  facility  are  not  known. 

4.2  MAINTENANCE  OF  DAM 

The  dam  and  appurtenances  are  well  maintained.  It  is  reported 
by  SCS  personnel  that  the  owners  inspect  their  dams  at  regular 
intervals.  The  slight  erosion  along  the  upper  edge  of  the  up¬ 
stream  berm  does  not  appear  to  be  serious  and  could  probably 
be  corrected  with  new  seedings  of  strawberry  clover  or  other 
water-loving  grasses. 

4.3  MAINTENANCE  OF  OPERATING  FACILITIES 

No  operating  facilities  exist  at  this  dam  except  for  the  16  inch 
drawdown  facility. 

4.4  DESCRIPTION  OF  ANY  WARNING  SYSTEM  IN  EFFECT 
There  is  no  warning  system  in  effect  for  this  dam. 

4.5  EVALUATION 

There  does  not  appear  to  be  any  serious  potential  of  failure  of 
this  structure.  However,  seepage  and  stability  analyses  should 
be  obtained  as  a  matter  of  record. 


SECTION  5  -  HYDRAULIC/HYDROLOGIC 


5.1  EVALUATION  OF  FEATURES 

a.  Design  Data.  Pertinent  hydraulic  and  hydrologic  data  which 
were  taken  from  as-built  plans  furnished  by  the  SCS  are 
tabulated  in  Appendix  D  on  Hydrologic  Computations. 

b.  Experience.  The  drainage  area  and  lake  surface  area  are 
developed  from  USGS  Maryvil le  Quadrangle  and  orthophoto 
sheets.  The  spillway  and  dam  layout  are  from  as-built  plans 
and  surveys  made  during  inspection.  There  were  no  major 
discrepancies  discovered  as  far  as  the  hydraulic  structural 
components  of  the  dam  and  spillway  were  concerned. 

c.  Visual  Observations. 

(1)  Principal  and  emergency  spillways  are  in  good  condition. 

(2)  The  emergency  spillway  does  not  appear  to  have  ever 
been  used. 

(3)  The  emergency  spillway  and  exit  channel  are  in  the  left 
abutment  away  from  the  dam.  Spillway  releases  will  not 
endanger  the  integrity  of  the  dam. 

d.  Overtopping  Potential.  The  spillways  are  too  small  to  pass 
the  PMF  and  1/2  the  PMF  without  overtopping.  The  existing 
spillways  will  pass  35%  of  the  PMF  and  the  100-year  Frequency 
Flood  without  overtopping.  Due  to  the  nature  of  the  materials 
in  this  dam  and  the  excellent  vegetative  cover,  minor  over¬ 
topping  should  cause  little  damage  to  this  dam.  The  results 

of  the  routings  through  the  dam  are  tabulated  in  regards  to  the 
following  conditions. 


Frequency 

Inflow 

Discharge 

c.f.s. 

Outf 1 ow 
Discharge 
c.f.s. 

Maximum 

Pool 

Elevation 

Freeboard 
Top  of  Dam 
Min.  Elev. 
1065.1 

Time 

Dam 

Overtoppi ng 
Hr. 

100  Yr. 

4100 

160 

1060.2 

+4.9 

0 

1/2  PMF 

7700 

6100 

1066.2 

-1.1 

2+ 

PMF 

15400 

14300 

1067.5 

-2.4 

5± 

0.35  PMF 

5400 

2200 

1065.1 

0 

0 
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According  to  the  recommended  guidelines  from  the  Department 
of  the  Army,  Office  of  the  Chief  of  Engineers,  this  dam  is 
classified  as  having  a  nigh  hazard  rating  and  a  small  si2e. 
Therefore,  the  1/2  PMF  to  PMF  is  the  test  for  the  adequacy 
of  the  dam  and  its  spillways. 

The  estimated  damage  zone  is  described  in  Paragraph  1.2d 
in  this  report. 


13 


SECTION  6  -  STRUCTURAL  STABILITY 


6.1  EVALUATION  OF  STRUCTURAL  STABILITY 

a.  Visual  Observation.  Nothing  was  observed  by  the  inspection 
team  that  would  seriously  affect  the  structural  stability 
of  this  dam.  Hydraulic/Hydrologic  analyses  presented  in 
Section  5  indicate  that  the  dam  would  be  overtopped  for 
periods  of  2  to  5  hours  by  the  1/2  PMF  and  PMF  storms.  The 
nature  of  materials  in  this  dam  and  the  excellent  vegetative 
cover  indicate  that  overtopping  of  2-5  hours  would  not  en¬ 
danger  the  structural  stability  of  the  dam. 

b.  Design  and  Construction  Data.  The  engineering  data,  analyses 
and  plans  supplied  by  the  SCS  conform  to  accepted  practice. 
However,  the  stability  analyses  for  the  downstream  slope  do 
not  apply  to  the  structure  as  it  was  designed  and  constructed 
(as  discussed  in  Section  2).  It  is  felt  that  the  safety 
against  shear  failure  is  probably  adequate  for  the  structure, 
as  built,  but  an  applicable  analysis  should  be  performed. 

There  is  no  apparent  reason  to  question  the  adequacy  of  con¬ 
struction  supervision  and  quality  control. 

Seepage  and  stability  analyses  comparable  to  the  requirements 
of  the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 
were  not  available,  which  is  considered  a  deficiency.  These 
seepage  and  stability  analyses  should  be  performed  for  appro¬ 
priate  loading  conditions  (including  earthquake  loads)  and 
made  a  matter  of  record. 

c.  Operation  Records.  There  are  no  appurtenant  structures  that 
require  operational  functions  other  than  the  drawdown  facility. 

d.  Post  Construction  Changes.  The  inspection  party  is  not  aware 
of  any  post  construction  changes  for  this  structure. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1.  An 
earthquake  of  the  magnitude  predicted  in  this  area  is  not 
expected  to  cause  structural  failure  of  this  dam. 


SECTION  7  -  ASSESSMENT/REMEDIAL  MEASURES 


7.1  DAM  ASSESSMENT 

a.  Safety.  There  does  not  appear  to  be  any  serious  potential 
of  failure  of  this  structure.  Other  than  minor  seepage  in 
the  right  abutment  trough  and  along  both  sides  of  the  prin¬ 
cipal  spillway  basin,  and  some  minor  erosion  on  the  upstream 
berm,  no  other  deficiencies  were  observed. 

b.  Adequacy  of  Information.  Stability  analyses  conforming  to  the 
structure,  as  built,  and  comparable  to  the  requirements  of 
the  "Recommended  Guidelines  for  Safety  Inspection  of  Dams" 

are  not  available,  which  is  considered  a  deficiency. 

c.  Urgency.  The  item  recommended  in  paragraph  7.2a  should  be 
pursued  on  a  high  priority  basis. 

d.  Necessity  for  Phase  II.  Phase  II  investigation  is  not  con¬ 
sidered  necessary. 

e.  Seismic  Stability.  This  dam  is  located  in  Seismic  Zone  1. 

An  earthquake  of  this  magnitude  is  not  expected  to  be  hazard¬ 
ous  to  this  dam.  However,  seepage  and  stability  analyses 
should  be  performed  for  earthquake  loadings  and  made  a  matter 
of  record. 

7.2  REMEDIAL  MEASURES 

a.  Alternatives.  Additional  analyses  should  be  obtained  to 
evaluate  the  stability  of  the  downstream  slope  from  the 
standpoint  of  strength,  seepage  pressures  and  earthquake 
loadings.  The  size  of  emergency  spillway  and/or  height 

of  dam  should  be  increased  to  pass  50 %  of  PMF.  The  services 
of  an  engineer  experienced  in  the  design  and  construction  of 
dams  should  be  obtained  to  make  these  evaluations. 

b.  0  &  M  Procedures.  Maintenance  of  the  structure  is  generally 
very  good.  Erosion  along  the  downstream  edge  of  the  upstream 
berm  should  be  evaluated  on  a  periodic  basis  and  repaired  if 
it  becomes  serious. 
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PHOTO  INDEX 

102  RIVERS  ,  C-5  DAM 
NODAWAY  COUNTY,  MISSOURI 
MO.  10996 

PLATE  B-l 


PHOTO  NO.  2  -  DAM  FROM  LEFT  ABUTMENT.  UPSTREAM  END  OF 
EMERGENCY  SPILLWAY  LOCATED  AT  RIGHT-CENTER 
OF  PHOTO. 


PHOTO  NO.  3  -  LOOKING  DOWNSTREAM  IN  EMERGENCY  SPILLWAY 


PHOTO  NO.  4  -  LOOKING  UPSTREAM  IN  EMERGENCY  SPILLWAY 


PLATE  B-3 


PHOTO  NO.  8  -  DOWNSTREAM  SLOPE  FROM  RIGHT  SIDE 


PHOTO  NO.  9  -  SEEP  OPPOSITE  STA.  8  +  40  AT  TOE 


PLATE  B 


PHOTO  NO.  10  -  SEEP  AREA  TAKEN  FROM  RIGHT  SIDE  OF  STILLING 
BASIN 


PHOTO  NO.  11  -  OUTLET  END  OF  PRINCIPAL  SPILLWAY.  SHOWING 
SEEPAGE  AREA  ON  RIGHT  SIDE  OF  STILLING  BASIN 


PLATE  B-6 


PHOTO  NO.  12  -  SEEP  ON  LEFT  SIDE  OF  STILLING  BASIN 


PHOTO  NO.  13  -  DOWNSTREAM  FROM  CENTERLINE  OF  DAM 
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UNITED  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  CONSERVATION  SERVICE  -  Soil  Mechanics  laboratory 
fiCO  "J"  Street,  Lincoln,  Nebraska  68 508 

SUBJECT:  ENG  22-5,  Missouri  WF-C8,  102  River  Tributaries  DATE: 

Site  No.  C-5  (Nodaway  County) 


ftp 

/«^S 

S3-* 
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August  11,  1972 


TO:  James  M.  Dale, 
SCS,  Columbia, 


State  Conservation  Engineer 
Missouri 


ATTACHMENTS 


\ 

2 

3 

4 
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Form  SCS-354,  Soil  Mechanics  laboratory  Data,  2  sheets. 

Form  SCS-ENG-128  &  128a,  Consolidation  Test  Data,  1  test,  5  sheets. 

Form  SCS-127*  Soil  Permeability,  1  sheet. 

Form  SCS-355A,  Triaxial  Shear  Test  Data,  2  tests,  2  sheets. 

Form  SCS-352,  Compaction  and  Penetration  Resistance,  6  sheets. 

Form  SCS-357,  Summary  -  Slope  Stability  Analysis,  2  sheets. 

Form  RTSC-FW-ENG-42,  Determination  of  s  and  Probable  Joint  Gaps,  1  sheet. 


INTRODUCTION 


The  proposed  35 -foot  high,  class  "b"  hazard  embankment  is  located  in  the 
Iowa  and  Missouri  Heavy  Till  Plain  physiographic  area  in  Nodaway  County  in 
the  northwest  corner  of  Missouri. 

The  major  engineering  problems  at  this  site  are  a  deep  compressible  alluvial 
foundation,  borrow  materials  susceptible  to  drying  cracks,  and  rather  weak 
embankment  materials  at  95^  of  Standard  Procter  density. 

DISCUSSION 


FOUNDATION 


A.  Classification.  The  flood  plain  has  high-plasticity  CL  and  CH  alluvial 
deposits  up  to  35  feet  deep  over  dense,  stiff  Kansan  till.  The  alluvial 
foundation  samples  submitted  are  CL  and  CH  materials.  The  CL  materials 
have  liquid  limits  ranging  from  43  to  4o  and  plasticity  indices  vary¬ 
ing  from  19  to  31-  'The  CH  sample  had  a  liquid  limit  of  >1  and  a 
plasticity  index  of  28.  Dispersion  was  generally  low  for  all  the 
foundation  samples  except  the  undisturbed  sample  302.3  (72V /2239)  which 
had  a  dispersion  of  T4- 

Some  sar.dy  clay  was  encountered  from  23  feet  to  36  feet  on  the  right 
side  of  the  flood  plain. 


The  abutments  consist  of  stiff,  high-plasticity  Kansan  till. 


3.  Dry  Unit  Weight.  The  Shelby  tube  sample  302.3  (72N2239;  yielded  CL 


best  specimens  with  dry  densities  varying  from  1.39  sm/cc  (86.' 


.  -e*  ^ 
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SubJ :  Missouri  WF-C8,  102  River  Tributaries,  Site  C-5  1 

to  1.W3  gm/cc  (92.4  pcf).  Standard  penetration  tests  in  the  material  ] 

.  represented  by  Sample  302.  3  (72W2239)  yielded  blow  count  of  8  blows 
per  foot  in  saturated  material.  Blow  Counts  of  6  blows  per  foot  were 
obtained  in  2  tests  in  the  alluvium  underlying  the  above  sample. 

C.  Consolidation.  A  one-dimensional  consolidation  test  was  made  on  the  i 

CL  Shelby  tube  sample  3C2.3  (72Trt2239)*  The  1"  x  2.5"  test  specimen 
was  saturated  at  the  start  of  the  test  and  loaded  to  32  ksf .  The  void 
ratio  versus  pressure  curve  plotted  from  the  test  data  indicates  she 
material  is  somewhat  preccnsoliiated  to  the  present  overburden  lead. 

The  indicated  preconsolidation  lead  is  in  the  range  of  3CC0  to  72 CO  psf. 

The  virgin  curve  is  not  sharply  defined  by  the  void  ratio  versus  ! 

pressure  plot,  so  the  test  data  can  be  interpreted  over  a  fairly  wide 
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Low  dispersion  values  were  obtained  for  all  of  the  borrow  samples 
submitted. 

The  Atterberg  limits  indicate  the  CL  materials  will  have  shrinkage 
limits  in  the  range  of  11$  to  16$  and  the  ML  materials  -will  have 
shrinkage  limits  of  approximately  21$. 

B.  Compacted  Dry  Density.  Standard  Proctor  compaction  tests  (ASTM  D-69S, 
Method  A)  were  made  on  the  minus  No.  4  fraction  of  all  6  of  the  borrow 
samples  submitted.  The  2  ML  samples  had  maximum  dry  densities  of  93-5 

•pcf  and  96.5  pcf  with  respective  optimum  moisture  contents  of  23-5$ 
and  22.0$.  The  maximum  dry  densities  of  the  4  CL  samples  varied  from 
99-5  pcf  to  108.0  pcf  and  optimum  moisture  contents  varied  from  17-5$ 
to  21$. 

C.  Shear  Strength.  A  consolidated  undrained  triaxial  shear  test  was  made 
on  the  ML  sample  103*2  ( 72V22 46 ) .  The  1.4- inch  diameter  test  specimens 
were  molded  slightly  wet  of  optimum  to  a  density  of  95$  of  Standard 
Proctor.  The  test  specimens  were  backpressured  in  the  shear  machine 

to  full  saturation  prior  to  testing. 

The  test  data  was  interpreted  to  yield  total  stress  shear  parameters 
of  0  =  17-5°  and  c  =  275  psf.  The  more  plastic  CL  materials  at  95$ 
of  Standard  Proctor  density  are  expected  to  be  stronger  than  the  ML 
that  was  tested. 

D.  Consolidation.  Average  embankment  consolidation  is  estimated  at  1-5$ 
for  the  flood  plain  section. 

STABILITY  ANALYSIS 


The  proposed  35 "foot  high,  class  "b"  hazard  dam  was  analyzed  using  the  ICES 
stability  program  and  the  IBM  3^0  computer.  Shear  parameters  of  ^  =  17-5° 
and  c  =  275  psf  were  used  to  represent  the  embankment.  The  foundation 
shear  parameters  were  f  =  13*  and  c  =  525  psf. 

A  full  drawdown  analysis  of  the  2^:1  upstream  slope  shows  that  a  3:1  slope 
is  required  below  the  10-foot  berm  at  elevation  10S1.0  to  obtain  a  safety 
factor  of  1.4l,  which  is  considered  adequate  for  the  proposed  class  "b" 
hazard  structure . 


A  steady  seepage  aralysis  of  the  downstream  slope  with 
developed  from  the  emergency  spillway  elevation  and  a 
c/b  =  0.6  shows  a  10-fcot  berm  is  needed  at  elevation 
safety  factor  of  1.44,  which  is  considered  adequate  fc 
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SETTLEMENT  ANALYSIS 

Average  foundation  settlement  under  the  24-fcot  high  flood  plain  section 
is  expected  to  be  approximately  2$,  and  average  embankment  settlement  is 
expected  to  be  approximately  1.5; la.  Total  settlement  will  be  approximately 
one  foot  across  the  flood  plain  and  should  be  considered  as  residual  settle¬ 
ment  at  the  completion  of  construction,  due  tc  the  lew  permeabilities  of 
the  materials  and  the  long  seepage  paths. 

REC  GMMBTFDA  TT0N3 


A.  Site  Preparation:  Removal  of  the  tile  drain  nice  at  the  site  is 
recommended . 

B.  Centerline  Cutoff.  The  shallow  5  to  5-fcot  deep  cutoff,  as  proposed 
in  the  engineer's  report,  is  considered  satisfactory.  A  normal  bottom 
width  (10  to  12  feet)  and  1:1  side  slopes  are  considered  adequate.  Back¬ 
fill  with  ML  materials  to  reduce  the  hazard  of  drying  cracks.  Place  at 
or  near  optimum  and  compact  to  a  minimum  density  of  95^  of  Standard 
Proctor. 

C-  Principal  Spillway.  Base  spreading  of  the  embankment  due  to  the  deep 
(30  to  35  fee z)  compressible  alluvium  may  present  a  pipe  elongation 
problem  at  this  site.  Pipe  elongation  calculations  using  a  2$  consoli¬ 
dation  potential  for  30  feet  of  compressible  foundation  show  a  horizontal 
strain  of  approximately  O.CCS  ft/ft  for  the  proposed  embankment.  See 
the  attached  Fora  RTSC-FW-ENG-42  for  calculations . 


The  deeper  high-plasticity  CL  and  CH  materials  will  be  subject  to  crack¬ 
ing  upon  drying,  so  special  attention  should  be  given  tc  scarifying 


and  backi 


if  the  principal  spillwa 
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ML  surface  layer,  which  will  be  less  susceptible  to  drying 
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Drainage .  A  shallow  foundation  trench  drain  is  required  at  c/b  =  O.o 
to  draw  the  phreatic  line  down  to  provide  embankment  stability, 
well  graded  sand  and  gravel  that  meets  the  requirements  of  Soil  Mecca 
Note  No.  1  will  be  adequate  in  the  high-plasticity  alluvium,  which 
generally  will  have  a  high  resistance  to  piping. 


■■■■j 
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Embankment  Design.  The  following  are  recommended: 


1.  Selectively  place  the  high-plasticity  CL  materials 
section  with  moisture  contents  at  or  below  optimum, 
lifts, that  have  dried  out, vary  carefully  to  break  up  ar.y 
shrinkage  cracks  that  may  develop. 


2.  Selectively  place  the  silty,  lower  plasticity  Ml  : 
outer  shells  tc  reduce  the  shrink  -  s  veil  crcble.cs. 


:n  the 
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3.  Compact  all  embankment  materials  to  a  minimum  density  of  95$  of 
Standard  Prcctor  (ASTM  D-69S,  Method  A). 

2o'  si  jp 

4.  Provide  2?:1  sloues  above  the  upstream  berm 'it  elevation  1C51 
and  3:1  slopes  below  the  berm. 

5.  Provide  2f:l  downstream  slopes  with  a  10-fcot  berm  at  elevation 

1043.0.  - - — 

6.  Provide  an  overfill  of  one  foot  across  the  flood  plain  to  com¬ 
pensate  for  residual  founa.au ion  and  embankment  consolidation. 


Prepared  by: 


Edgar  F.  Steele 


Attachments 


cc : 

Project  Office,  Maysville,  Mo.  (2) 
Kenneth  M.  Kent,  Lincoln,  Nebr. 
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UNITEO  STATES  DEPARTMENT  OF  AGRICULTURE 
SOIL  conservation  service 


DETAILED  GEOLOGIC  INVESTIGATION  OF  DAM  SITES 

GENERAL 

..  Missouri  pn,.nty  Nodaway  ; _ _NW  S(c.  _29  T  6  5  M  a35W  .  wetersnedlOj  Fiver  Tributar’ 

Subweterched _ _ Ftio2  c(«s _ Sit«  number _ -  Site  grouo  I  Structure  dm _ ^ _ 

— V""")  -A  //  (fP.2,  WP-1.  etc.) 

investigated  hy  ■/  }■ ' s  Ls.  1  UM^ _ Eai  1  i  ng  _15Q0 _ ,  Date  3/28/72 _ 

'  (signature  ind  "title)  -  (Type,  size,  make,  model,  etc.) 


Structure  dau 


uipment  used  Failing  1 500 _ 

(Type,  size,  make,  model,  etc.) 


>  Date _ 3/28/72. 


SITE  DATA 


Drainage  aree  size  2 . 02  mi., . 
Direction  of  valley  trend  (downstream)  _ 


Estimated  volume  of  compacted  fill  required  . 


.acres.  Type  of  structure  . 


.  Maximum  height  of  fill  _ 


38,000 


.feet.  Length  of  fill . 


Volume  (ac.  ft.) 

150 


STORAGE  ALLOCATION 

Surface  Area  (lores) 

_ ■  22.8 


Depth  at  Dam  ifeet) 

21.0 


Floodwater 


SURFACE  GEOLOGY  AND  PHYSIOGRAPHY 


Physiographic  description  OiSgCtSd  Till  PI  31  D  ,  Tooogrephv _ Rol  ling  ,  Attitude  of  beds: 


Steepness  of  abutments:  Left. 


.  percent:  Right . 


.  percent.  Width  of  floodplain  at  centerline  of  dam. 


General  geology  of  site:  The  site  is  located  in  National  Soil  Resource  Area  109.  The  Iowa  and 
Missouri  Heavy  Till  Plain.  The  Kansan  Till  is  a  stiff  silty  day  with  approxi¬ 


mately  30  to  35  percent  clay  and  25  to  30  percent  coarse  material  which  is 


nd  gravel  size. _ Cobbles  may  be  encountered  but  boulder  size  rocks 
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C-5 

DETAILED  GEOLOGIC  INVESTIGATION  OF  DAM  SITES 


FORM  SCS-3768 
REV.  2  64 

SHEET  OF  _ 


««.T..»gcenterline  dam,  principal  spillway,  emergency  spillway,  stream  channel,  borrow  area 

(CENTERUNE  OF  OAM.  PRINCIPAL  SPILLWAY.  EMERGENCY  SPILLWAY,  THE  STREAM  CHANNEL  INVESTIGATIONS  FOR  DRAINAGE 
OF  STRUCTURE.  BORROW  AREA.  RESERVOIR  BASIN,  ETC.) 


DRILLING  PROGRAM 


NUMBER  OF  SAMPLES  TAKEN 


EQUIPMENT  USED 

5  1/2"  slat  auaer 


Std.  split  tube 


Hand  auqer 


NUMBER  OF  HOLES 
EXPLORATION  SAMPLING 


UNDISTURBED 
(STATE  TYPE) 

shelb 


DISTURBED 
LARGE  SMALL 

10  ba 


5  jar 


u.  s.  department  op  agriculture 

SOIL  CONSERVATION  SERVICE 


DETAILED  GEOLOGIC  INVESTIGATION  OP  DAM  SITES 


INTERPRETATIONS  ANO  CONCLUSIONS 


Foundation 

Foundati on  materials  are  generally  similar  across  the  valley  floor  and  strength 
appeared  adequate  for  the  proposed  dam. 

Principal  Spillway 

foundation  materials  are  uniform  along  the  centerline.  Strength  appeared  adequate; 
however,  since  a  concrete  pipe  is  to  be  used  an  undisturbed  sample  was  taken. 

Emergency  Spillway 

the  emergency  spillway  cuts  will  be  into  till.  Samples  were  not  taken.  Placement 
of  the  material  should  be  similar  to  sample  104-.2. 

Channel 

The  channel  in  the  foundation  is  constructed.  Channel  deposits  are  silts  with  some 
accumulation  of  iron  concretion  in  the  size  up  to  fine  gravel.  Deposits  are  subject 
to  seasonal  changes. 

Borrow 

There  is  adequate  borrow  available  mostly  from  the  alluvial  soil  classified  ML  in 
the  surface  and  CL  below.  Some  till  will  be  available  in  the  area  of  test  hole  104. 
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Recommended  Core  Trench  Depth 

The  following  are  the  recommended  depths  for  the  core  trench? 


Sta. 

Elev. 

3+oo 

105U.5 

>50 

101*7.0 

U+oo 

10lt3.0 

5+oo 

1037.0  • 

6+00 

1035.0 

6+50 

1027.0 

6+75 

1027.0 

7+15 

1039.6 

8+00 

10U3.0 

8+50 

10U7.0 

9+00 

1055.0 

The  above  recommended  core  depths  should  provide  a  near  positive  cutoff  and 
foundation  drainage  should  not  be  necessary. 


Stream  Channel  Cleanout 

The  recent  channel  fill  varies  from  one-half  (^)  foot  to  one  and  one-half  (1^) 
foot.  Stream  channel  cleanout  beyond  the  work  necessary  to  strip  the  area 
should  not  be  needed.  Additional  bank  sloping  will  not  be  required  along  the 
stream  channel. 


U3e  of  Material  From  Required  Excavations 

The  materials  from  the  required  structure  and  core  trench  excavations  will 
need  to  be  either  stock-piled  for  future  use  or  wasted  during  the  excavation 
operation.  The  material  from  the  emergency  spillway  should  be  classified 
as  borrow  and  used  in  the  earth  fill  for  the  dam  and  back  fill  of  the  other 
excavation  areas. 


Borrow 

Adeouate  borrow  will  be  available  below  the  principle  spillway  elevation  within 
the  pool  area.  There  is  a  good  supoly  of  ML  material  which  should  be  placed  on 
the  outer  shell  of  the  dam.  This  will  facilitate  vegetation  establishment  and 
reduce  possible  shrink-swell  problems  of  the  CL  material.  It  will  not  be  necessary 
to  designate  a  zone  fill.  The  above  suggested  placement  can  be  controlled  by 
the  engineer. 
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Special  Conditions 

rhe  only  special  condition  that  I  am  aware  of  at  the  present  time  is  a  tile 
drain  outlet  which  crosses  through  the  foundation  of  the  dam  and  outletting 
approximately  70*  downstream  from  the  centerline*  I  would  recommend  that  this 
drain  be  completely  removed  throughout  the  foundation  area  and  the  trench  be 
back  filled  with  compacted  earth  fill* 


at 

Principle.  Soillway 
a.  I 

The  principle  spillway  is  designed  to  be  located  at  centerline  of  the  dam, 
STA  and  wiil  bs  constructed  from  36"  diameter  reinforced  concrete  pipe* 


Harold  B.  Townsend,  Jr. 
Project  Engineer 
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APPENDIX  D 

HYDRAULIC  AND  HYDROLOGIC  DATA 


HYDROLOGIC  COMPUTATIONS 


1.  The  SCS  dimensionless  unit  hydrograph  and  the  systemized  com¬ 
puter  program  HEC-1  (Dam  Safety  Version),  July  1978,  prepared 
by  the  Hydrologic  Engineering  Center,  U.S.  Corps  of  Engineers, 

Davis,  California,  were  used  to  develop  the  inflow  hydrographs 
(see  this  Section). 

a.  Twenty-four  hour,  100-year  rainfall  for  the  dam  location  was 
taken  from  the  data  for  the  rainfall  station  at  Maryville, 

MO.,  as  supplied  by  the  St,  Louis  District,  Corps  of 
Engineers  per  their  letter  dated  6  March  1979.  The  twenty- 
four  hour  probable  maximum  precipitation  was  taken  from  the 
curves  of  Hydrometeorological  Report  No.  33  and  current  Corps 
of  Engineers  and  St.  Louis  policy  and  guidance  for  hydraulics 
and  hydrology. 

b.  Drainage  area  =  2.18  square  miles  (1398  acres). 

c.  Time  of  concentration  of  runoff  »  47  minutes  (computed  from 
"Kirpich"  formula). 

d.  The  antecedent  storm  conditions  for  the  probable  maximum 
precipitation  were  heavy  rainfall  and  low  temperatures  which 
occurred  on  the  previous  5  days  (SCS  AMC  III).  The  ante¬ 
cedent  storm  conditions  for  the  100-year  precipitation  were 

an  average  of  the  conditions  which  have  preceded  the  occurrence 
of  the  maximum  annual  flood  on  numerous  watersheds  (SCS  AMC  II). 
The  initial  pool  elevation  was  assumed  at  the  orifice  opening 
of  the  riser. 

e.  The  total  twenty-four  hour  storm  duration  losses  for  the  100- 
year  storm  were  2.64  inches.  The  total  losses  for  the  PMF 
storm  were  1.44  inches.  These  data  are  based  on  SCS  runoff 
curve  No.  89  and  No.  77  for  antecedent  moisture  conditions 
SCS  AMC  III  and  AMC  II  respectively.  The  watershed  is  com¬ 
posed  of  primarily  SCS  soil  group  B  (Sharpsburg-Adair-Shelby- 
Colo  soils)  and  consists  mostly  of  alfalfa  and  grass  with  some 
cropland  planted  on  the  contour. 

f.  Average  soil  loss  rate:  =  0.06  inch  per  hour  approximately 
(for  PMF  storm,  AMC  III). 

2.  The  discharge  ratings  for  the  principal  spillway  were  developed 
using  equations  for  orifice,  weir,  and  full  conduit  flow.  They 
are  as  follows: 
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a.  Orifice  flow  equation  (Q  =  CA /YgH  ) 
where  C  =  orifice  coefficient  =  0.6 

A  =  area  of  opening,  ft2  =  4.0 
H  =  total  head,  ft. 

b.  Weir  flow  equation  (Qw  =  CLH^) 
where  C  =  weir  coefficient  =3.1 

L  =  length  of  weir,  ft.  =  16.33 
H  =  total  head,  ft. 

c.  Full  conduit  flow  equation 


Q  -  a  /  2gH 

VI  +  ^  +  Kb  +  KpL 

where  a  =  cross-sectional  area  of  pipe,  ft2  =  7.07 
H  =  total  head,  ft. 

Ke  =  coefficient  for  entrance  loss  =  0.5 
Kb  =  coefficient  for  bend  loss  =  0.45 
Kp  =  coefficient  for  pipe  friction  loss  =  0.00963 
L  -  length  of  pipe,  ft.  =  176 


The  emergency  spillway  discharge  rating  was  developed  using  the 
Corps  of  Engineers  Surface  Water  Profile  HEC-2  computer  program. 


The  flows  over  the  dam  crest  were  developed  using  the  HEC-1 
(Dam  Safety  Version)  program  with  a  discharge  coefficient  of  3.0 
and  a  value  of  1.5  for  the  exponent  of  head. 


3.  Floods  were  routed  through  the  reservoir  using  the  HEC-1  (Dam 
Safety  Version)  program  to  determine  the  capabilities  of  the 
spillway  and  dam  embankment  crest.  The  output  and  plotted 
hydrographs  are  shown  in  this  Section. 
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